Abstract Wiskott-Aldrich syndrome (WAS) is a rare inherited X-linked recessive immunodeficiency disease characterized by eczema, thrombocytopenia, immune deficiency, and bloody diarrhea and is caused by WASP gene mutations. This study reports a case of WAS with a novel mutation. A newborn Chinese infant was admitted to the hospital because of intermittent bloody stools, recurrent infections, and persistent thrombocytopenia. Genetic analysis of the coding sequences and flanking splice sites of the WASP gene showed a novel WASP gene deletion mutation (1144delA) at exon 10. Family history showed that both his mother and aunt had a heterozygous genotype of the WASP gene. The infant died at the age of 4 months due to persistent thrombocytopenia and severe pneumonia. A novel WASP gene deletion (1144delA) at exon 10 was identified in a Chinese infant with WAS. This base deletion results in a frame-shift mutation of the gene for an early stop codon at amino acid 444.
Introduction
Wiskott-Aldrich syndrome (WAS) is a rare inherited X-linked recessive immunodeficiency disease that is characterized by thrombocytopenia, recurrent infection, a high incidence of autoimmunity, and an increased risk of malignancies [1] [2] [3] . Clinically, the overwhelming majority of patients are male with the initial symptom of petechiae, due to thrombocytopenia. Spontaneous nose bleeding and bloody diarrhea are also common, and patients then quickly develop eczema within the first month of life. Recurrent bacterial infections develop by 3 months. Thereafter, the majority of WAS children suffer from autoimmune disorder or malignancies. Currently, WAS treatment is to correct the symptoms or try to with gene therapy. Genetically, WAS is linked to mutations of the Wiskott-Aldrich syndrome protein (WASP) gene on the short arm of the X chromosome, which spans approximately 9 kilobases of genomic DNA with 12 exons and encodes a protein with 502 amino acids that is mainly expressed in hematopoietic cells [1] . WASP contains several functional domains through which it interacts with proteins involved in intracellular signaling and regulation of the actin cytoskeleton [4] . To date, over 300 deletions, insertions, and splice site mutations in the WASP gene have been reported to cover all 12 exons [1] [2] [3] [4] . The aim of this case report was to show a novel WASP gene mutation in a Chinese boy with WAS.
Case Presentation
A 4-month-old Chinese male infant was admitted to our department with intermittent bloody stools, recurrent infections, and persistent thrombocytopenia. On the second day after birth, he began showing repetitive bloody stools, fever, abdominal distension, and thus clinically diagnosed with WAS. Laboratory tests revealed normal coagulation levels after intermittent platelet transfusions, and complete blood count showed a low platelet count of 6.0 9 10 9 /L. T and B lymphocytes and NK cell counts were 6.71 % CD3? CD4?, 0.08 % CD4/CD8, 80.49 % CD3? CD8?, and 23.38 % NK cells. The levels of IgG were 30.90 g/L, IgA 0.51 g/L, and IgM 1.21 g/L. Liver and renal function tests and cardiac enzymes were in normal ranges. EpsteinBarr virus, cytomegalovirus, toxoplasmosis, rubella virus, herpes simplex virus, mycoplasma pneumonia, and Chlamydia were all negative. According to a scoring system developed to describe the severity of WAS, the severity of this patient was about 4 [5] . Although parent and aunt of the patient had no symptoms of the disease, blood samples from his mother and aunt were collected and analyzed. Platelet counts were 180 9 10 9 and 212 9 10 9 , respectively. All of the subjects provided informed, written consent to take part in this study. The patient was then treated with intravenous immunoglobulin infusion and thrombocyte transfusion on the 14th day of age. After the infection was controlled, the body temperature was stabilized and he started to gain weight, but symptoms (such as petechia, blood stools, abdominal distention, and hepatosplenomegaly) disappeared. The repeat blood culture also became negative, although the platelet count was still lower than 30 9 10 9 /L. At 2 months of age, the patient was admitted to our hospital for follow-up after he was treated with dexamethasone and prednisone for approximately a month with intermittent platelet transfusions. He presented with recurrent infections and decreased platelet counts. Eczema appeared in a discontinuous fashion on his face and anterior chest at the 3rd month of age, and the thrush was persistent and died at the age of 4 months, due to persistent thrombocytopenia and severe pneumonia.
Furthermore, we performed molecular analysis of the WASP gene mutations in blood samples of the patient, parents, and aunt. Specifically, genomic DNA was extracted from whole blood using an SE Blood DNA Kit (Omega Bio-tec, Inc., Lilburn, Georgia), according to the manufacture's instructions, and subjected to PCR amplification and DNA sequence of WASP coding sequences and flanking splice sites of all 12 exons, as described previously [6] . The results showed that WASP in this patient had a single base deletion (1144delA) in exon 10, putatively causing a frame-shift mutation with an early stop codon at amino acid 444 (Fig. 1) . However, the patient's mother and aunt have one mutated and one normal allele in WASP, indicating that they are the carriers (Fig. 1) .
Discussion
To date, it has shown approximately 300 unique mutations in the WASP gene, spanning all 12 exons with missense, nonsense, and splice site mutations and insertions, deletions, and rearrangements. However, missense mutations are the predominant form of WASP mutations and typically localized in exons 1, 2, 3, and 4 [7, 8] , while deletions and insertions are distributed throughout the WASP gene. In contrast, splice site mutations are predominantly in introns 6, 8, 9, and 10 [7, 8] . Clinically, the missense mutations or splice site mutations affecting non-invariant sites are often associated with the mild WAS symptoms, whereas the nonsense or frame-shift mutations are associated with severe WAS symptoms [5, 7, 9] . In this case report, we showed a novel WASP frame-shift mutation in a Chinese WAS patient whose WASP had a single base deletion (1144delA) in exon 10, putatively resulting in a frame-shift mutation with an early stop codon at amino acid 444. Based on clinical symptoms (such as persistent thrombocytopenia, difficult-to-control eczema, and frequent lifethreatening infections), the severity of his patient was scored as 4, which was consistent with previous studies, where frame shift mutations are generally associated with a severe phenotype of WAS and contributed to the eventual death of the patients.
Molecularly, WASP is predominantly expressed in hematopoietic cells and responsible for regulating the dynamic actin cytoskeleton for a diversity of activities in hematopoietic cells. Moreover, WASP also plays an important role in the activation of T-lymphocytes via WASP regulation of T cell receptor signaling and cortical actin cytoskeleton rearrangements. WASP mutations impact T-lymphocyte functions, resulting in the immune deficiency and decreased antibody production, and in turn leading to the increase in infection susceptibility. In addition, the type of mutations in the WASP gene is significantly associated with the severity of the symptoms, because a truncated protein caused more significant symptoms than those with a missense mutation with a normal-length WASP [8] . However, to date, it remains unknown what causes WASP mutations and how WASP is mutated. Epidemiological studies showed that the combined incidence of WAS and X-linked thrombocytopenia is about 4-10 in 1 million live births, but there is no geographical preference [10] . In our current case report, DNA sequence data showed that both mother and aunt are carriers of mutated WASP allele, thus, WASP mutation in this patient could be inherited from the mother, and the aunt is the carrier of mutated WASP allele, although she had no symptoms, including no bleeding tendency, infections, or thrombocytopenia. WASP mutation in this patient showed a single base deletion (1144delA) in exon 10, resulting in a frame shift mutation and an early stop codon at amino acid 444; thus, this leads to the absence of WASP expression in the patient. In this case report, we did not detect expression of WASP protein, which is the limitation of this study.
We reported a Chinese infant with classic WAS with intermittent bloody stools, recurrent infections, and persistent thrombocytopenia. DAN sequence analysis revealed a novel mutation (1144delA) of the WASP gene in exon 10, resulting in a frame shift mutation and a stop codon at amino acid 444 in the patient. Family history analysis showed that the mutation of WASP gene was inherited from the mother. This observation further expands the genotypephenotype correlations of WAS.
